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ment an autonomous modular breakwater system. An
example system includes a plurality of autonomous sub-
mersible structures, each configured to mechanically link to
any other of the plurality of autonomous submersible struc-
tures to form a breakwater. The system 1ncludes a controller
configured to perform operations mcluding: determining a
location for construction of a breakwater; determining an
initial location of each of the plurality of autonomous
submersible structures; selecting, based at least 1n part on the
initial location of each of the plurality of autonomous
submersible structures, a subset of the plurality of autono-
mous submersible structures for constructing the breakwa-
ter; and transmitting, to each of the selected autonomous
submersible structures, instructions to transit from the
respective 1nitial location to the location for construction of
the breakwater and to mechanically couple to at least one
other autonomous submersible structure to form the break-
walter.
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AUTONOMOUS MODULAR BREAKWATER
SYSTEM

FIELD

This specification relates to control systems for breakwa-
ter systems.

BACKGROUND

Breakwaters are structures constructed near the coasts as
part of coastal management or to protect an anchorage from
the effects of both weather and longshore drift. Breakwaters
can be used to reduce the intensity of wave action in 1ishore
waters and thereby provide sate harborage. A breakwater
structure 1s designed to absorb the energy of the waves that
hit the structure, for example by using mass or by using a
revetment slope.

SUMMARY

This specification describes techniques, methods, sys-
tems, and other approaches for constructing and decon-
structing an autonomous modular breakwater system. The
autonomous modular breakwater system 1s a system for
dynamically constructing and modifying artificial breakwa-
ters, or sea walls, by detecting and rearranging floating,
mobile structures.

The disclosed systems include a controller for tracking
and controlling multiple autonomous submersible struc-
tures. Each autonomous submersible structure can include
control systems for autonomous maneuvering and naviga-
tion through bodies of water. The controller determines a

location for constructing a breakwater, e.g., based on pre-
dicted weather events. The controller can then transmuit
instructions to autonomous submersible structures that cause
the structures to transit to a destination location for con-
structing a modular breakwater. Upon arrival at the desti-
nation location, the autonomous submersible structures
autonomously link with one another to form the breakwater.
When the structures assemble to form a breakwater, the
breakwater can attenuate incident waves. The breakwater
can protect shorelines from wave activity, e.g., that 1s caused
by a weather event such as a hurricane.

Among other advantages, implementations may improve
availability of breakwaters in locations where permanent
breakwaters are not installed. The autonomous modular
breakwater system can construct, deconstruct, and recon-
struct breakwaters when and where they are needed. The
autonomous modular breakwater system can construct
breakwaters of various sizes, shapes, and orientations. The
autonomous modular breakwater system can also improve
the ability to perform preventative and corrective mainte-
nance on individual sections of a breakwater. Individual
modular structures can be removed and replaced within a
breakwater. The modular structures can autonomously navi-
gate, €.g., to transit to a maintenance facility when mainte-
nance 1s required. When the autonomous submersible struc-
tures are not 1n use as a breakwater, the autonomous
submersible structures can be used for other purposes, €.g.,
as platforms for growing marine life.

In general, mnovative aspects of the subject matter
described 1n this specification can be embodied 1n a system
including a plurality of autonomous submersible structures.
Each of the autonomous submersible structures can be
configured to mechanically link to any other of the plurality
ol autonomous submersible structures to form a breakwater.
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The system can include a controller configured to perform
operations including: determining a location for construc-
tion of a breakwater; determining an initial location of each
of the plurality of autonomous submersible structures;
selecting, based at least 1in part on the 1mitial location of each
of the plurality of autonomous submersible structures, a
subset of the plurality of autonomous submersible structures
for constructing the breakwater; and transmitting, to each of
the selected autonomous submersible structures, instructions
to transit from the respective 1itial location to the location
for construction of the breakwater and to mechanically
couple to at least one other autonomous submersible struc-
ture to form the breakwater.

In general, other innovative aspects of the subject matter
described 1n this specification can be embodied 1n an autono-
mous submersible structure including: a maneuvering sys-
tem configured to propel the autonomous submersible struc-
ture and to configure the autonomous submersible structure
in at least two configurations, the at least two configurations
including: a water transit configuration; and a breakwater
coniiguration; a control system configured to perform opera-
tions including controlling the maneuvering system to: pro-
pel the autonomous submersible structure to a location while
the autonomous submersible structure 1s 1n the water transit
configuration; and change the configuration of the autono-
mous submersible structure from the water transit configu-
ration to the breakwater configuration.

The details of one or more implementations are set forth
in the accompanying drawings and the description, below.
Other potential features and advantages of the disclosure
will be apparent from the description and drawings, and
from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of an example system of autonomous
submersible structures that are configured to assemble to
form a breakwater.

FIGS. 2A and 2B are diagrams of example communica-
tions and control systems of an autonomous modular break-
water system.

FIGS. 3A-3C are diagrams showing configurations of
structures of an autonomous modular breakwater system.

FIG. 4 1s a diagram of an example configuration of an
autonomous submersible structure for use 1 forming a
modular breakwater system and supporting marine life.

FIG. 5 1s a diagram of an example control system of an
autonomous submersible structure.

FIG. 6 1s a flow diagram of an example process for
constructing an autonomous modular breakwater system.

Like reference numbers and designations in the various
drawings indicate like elements. The components shown
here, their connections and relationships, and their func-
tions, are meant to be exemplary only, and are not meant to
limit the implementations described and/or claimed 1n this
document.

DETAILED DESCRIPTION

FIG. 1 1s a diagram of an example system 100 of
autonomous submersible structures that are configured to
assemble to form a modular breakwater in a body of water.
The system 100 includes structure 101 and structures 102a,
10256, and 102¢ (“structures 102”") that are each configured
to mechanically link to any of the other structures 101, 102
to form a breakwater.
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In the example of FIG. 1, structures 102 are selected to
assemble to form a breakwater 110 1n a body of water near
a shore 111. When the structures 102 assemble to form the
breakwater 110, the breakwater 110 can protect the shore 111
from waves 112. The waves 112 can be caused by a weather
event such as a hurricane 120. The autonomous submersible
structures 101, 102 can autonomously assemble, disas-
semble, and reassemble as instructed by a control system.

The structures 101, 102 can have multiple configurations.
In some examples, belore recerving instructions to transit to
the destination location, the structures may be 1n a floating,
configuration. Upon recerving instructions to transit to the
destination location, the structures can change configuration
from the tloating configuration to a water transit configura-
tion. Upon arriving at the destination location, the structures
can change configuration from the water transit configura-
tion to a breakwater configuration. The multiple configura-
tions are described in greater detail with reference to FIGS.
3A to 3C.

FIG. 2A 1s a diagram of example commumnications and
control system 200 of an autonomous modular breakwater
system. The system 200 includes a controller 202 and
autonomous submersible structures 102. The structures 102
can be controlled by the controller 202.

In some examples, each autonomous submersible struc-
ture 102 includes a wireless communication module. Each
wireless communication module can be configured to enable
communication between the autonomous submersible struc-
ture and the controller 202, and to enable communication
between the autonomous submersible structure and other
autonomous submersible structures.

The system 200 includes a controller 202. The controller
202 can be a computing system that 1s capable ol commu-
nicating wirelessly with the components of the autonomous
modular breakwater system. In some examples, the control-
ler 202 can be located remotely from the other components
of the system 200. For example, the controller 202 may be
located at a shipping port or other land location, such as on
the shore 111. In some examples, the controller 202 can be
cloud-based.

The controller 202 can perform functions such as tracking,
and directing movement of the components of the system
200. The controller 202 can also direct operations of the
components of the system 200, e.g., operations for linking
multiple structures 102 with each other by engaging and
disengaging interlocking mechanisms of the structures.

In some examples, the controller 202 can determine a
location for construction of a breakwater. The controller 202
can determine a location for construction of a breakwater
based on predicted weather events, based on pre-pro-
grammed 1nstructions, based on user input, etc.

In some examples, pre-programmed instructions can
include a schedule for constructing the breakwater. For
example, the schedule can include times of year that the
breakwater 110 should be constructed near the shore 111. In
some examples, the schedule can be based on meteorologi-
cal or astronomical seasons. For example, the pre-pro-
grammed instructions can include mstructions to construct
the breakwater 110 at or near the beginning of a hurricane
season, and to deconstruct the breakwater 110 at or near the
end of the hurricane season.

In some examples, the breakwater can be constructed in
response to user input. For example, a user may provide
input to a controller 202 requesting that the breakwater 110
be constructed near the shore 111 at or around a particular
time. The user may also provide input to a controller 202
requesting that the breakwater 110 be deconstructed at or
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4

around a particular time. As an example, a sailing or
swimming event may be scheduled to take place near the
shore 111 on a particular date. The controller 202 may
receive user mput requesting that the breakwater 110 be
constructed prior to the event, and that the breakwater 110
be deconstructed after the event. In some examples, the user
input can specily a size or position of the breakwater 110 to
be constructed. For example, the user mput can specily a
length of the breakwater 110, a distance of the breakwater
from the shore 111, etc.

In some examples, the controller 202 can receive data
indicating a predicted weather event and determine the
location for constructing the breakwater based on the pre-
dicted weather event. For example, the controller 202 can
receive weather data 204 from a weather forecasting service
206. In some examples, the weather data 204 can include
predicted wave activity 1n a particular geographic region or
multiple geographic regions.

In some examples, the controller 202 can store a wave
prediction model 210. The wave prediction model 210 can
include wave data, e.g., predicted wave heights and speeds
for various time frames and geographic regions. The con-
troller 202 can update the wave prediction model 210 based
on received weather data 204.

In an example, the controller 202 can receive weather data
204 from the weather forecasting server 206 that indicates a
predicted hurricane 120. The weather data 204 can include
a predicted path of the hurricane 120, predicted closest point
ol approach between the hurricane 120 and the shore 111,
predicted time of arrival at the closest point of approach,
strength of the hurricane 120, size of the hurricane 120, etc.
Based on the weather data 204, the controller 202 can update
the wave prediction model 210. Based on the updated wave
prediction model 210, the controller 202 can predict wave
conditions at the shore 111 over time.

The controller 202 can determine, based on the weather
prediction model 210, to construct a breakwater at a geo-
graphic location near the shore 111. The controller 202 can
also determine a time that the breakwater 1s to be con-
structed, a size of the breakwater, and an orientation of the
breakwater. The controller 202 can determine the time, e.g.,
based on the predicted time of arrival of the hurricane 120.
The controller 202 can determine the size, e.g., based on the
s1ize of the hurricane 120, the size of the predicted waves,
ctc. The controller 202 can determine the orientation, e.g.,
based on a predicted path of the hurricane 120.

In some examples, the controller 202 can select a subset
ol the autonomous submersible structures to form the break-
water. For example, the controller 202 can determine to
construct the breakwater 110 near the shore 111 and can
select a subset of structures for constructing the breakwater
110. For example, the system 100 1includes structure 101 and
structures 102. The controller 202 selects the structures 102
for constructing the breakwater 110, but does not select the
structure 101. The controller 202 can transmit 1nstructions to
cach of the selected structures 102 that cause the structures
102 to transit to the geographic destination of the breakwater
to be constructed. The instructions can cause the structures
102 to assemble to form the breakwater 110, e.g., 1n advance
of the arrival of the hurricane 120.

In some examples, some of the structures can be seli-
propelled, while other structures might not include a pro-
pulsion system. A self-propelled structure can be configured
to tow one or more non-propelled structures to the geo-
graphic destination. For example, the controller 202 can
select a subset of structures that includes at least one
self-propelled structure and at least one non-propelled struc-
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ture. The controller 202 can transmit mstructions that cause
the selt-propelled structure to mechanically link to the
non-propelled structure and to tow the non-propelled struc-
ture to the geographic destination of the breakwater.

In some examples, the controller 202 can determine a size
of the breakwater, and select a subset of the autonomous
submersible structures based at least 1n part on the size of the
breakwater. The controller 202 can determine a size of the
breakwater, e.g., based on the wave prediction model 210.
When the wave prediction model 210 predicts larger or
taster waves, the controller 202 may determine a larger
breakwater size compared to when the wave prediction
model 210 predicts smaller or slower waves. In some
examples, the controller 202 may determine to construct
more than one breakwater. For example, when the weather
data 204 includes a large predicted storm, the controller 202
may determine to construct two or more breakwaters near
the shore 111. The two or more breakwaters can be con-
structed such that multiple layers of breakwaters are posi-
tioned between the waves 112 and the shore 111.

In some examples, the controller 202 can determine a
number of structures that are needed to form the breakwater
of the determined size. For example, the controller 202 may
determine to construct a breakwater having a size of two
hundred meters long. Each structure 102 may have a length
of twenty meters long. Thus, the controller 202 can select a
subset of ten structures to form the breakwater with a length
of two hundred meters. A length of each structure can be
measured along a direction that 1s parallel with the water
surface when the structure 1s 1n a breakwater configuration.
In some examples, a structure can have a variable size. For
example, each structure 101, 102 may have a minimum
length and a maximum length. The structures 101, 102 may
be able to expand and contract in size between the minimum
length and the maximum length.

In some examples, diflerent structures may be of diflerent
s1zes. For example, the structure 102a may be twenty meters
long, the structure 1025 may be fifteen meters long, and the
structure 102¢ may be twenty-five meters long. In some
examples, the controller 202 can store, e.g., in a database,
data indicating a size of each of the structures. In some
examples, the controller 202 can receive, from each struc-
ture, data indicating a size of the structure.

In some examples, the controller 202 can determine an
initial location of each of the autonomous submersible
structures, €.g., a location of the structure prior to receiving
instructions to form the breakwater. Each of the autonomous
submersible structures 101, 102 can include a wireless
communication module for communicating with the con-
troller 202 and with other structures. The controller 202 can
receive, from each of the wireless communication modules,
data indicating a location of the respective autonomous
submersible structure.

For example, the controller 202 can receive, from the
wireless communication modules of each of the structures
101, 102, data indicating the geographic coordinate location
of the structure. In some examples, the controller 202 can
receive data indicating the location of the structure occa-
sionally or at time 1ntervals, €.g., once per minute, once per
ten minutes, once per hour, etc. In some examples, the
controller 202 can receive data indicating the location of the
structure 1n response to sending a request to the structure.
For example, upon determiming to construct the breakwater,
the controller can perform a polling operation to poll each of
the structures 101, 102 1n order to obtain 1ts current location.

The controller 202 can select the subset of the plurality of
autonomous submersible structures based at least in part on
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the 1nitial location of each of the plurality of autonomous
submersible structures. For example, the controller 202 may
determine to construct the breakwater 110 from three struc-
tures, and may receive data indicating the initial location of
four structures 102a, 10254, 102¢, and 101. The controller
202 can therefore select three out of the four structures for
constructing the breakwater. In some examples, the control-
ler 202 can select the structures by selecting the three
structures for which the initial location i1s nearest to the
location for constructing the breakwater. In some examples,
the controller 202 can select the structures by selecting the
three structures that are in a favorable position with respect
to the location for constructing the breakwater, e.g., three
structures that are upstream of a current compared to the
location of constructing the breakwater.

The controller 202 can track and control movements of
the structures in the body of water. For example, the con-
troller 202 can transmit, to each of the structures 102,
istructions to transit from the respective mnitial location to
a destination location for construction of the breakwater. In
response to receiving the instructions, the structures 102
travel to the destination location and link with other struc-
tures to form the breakwater. The controller 202 can send
istructions to recall or move the structures, for example,
due to changes 1n seasons or weather.

In some examples, the controller 202 can transmit, to each
of the structures 102, navigation instructions. The navigation
instructions can include navigation waypoints, a geographic
destination, a travel route, a target time of arrival, a travel
speed, or any combination of these. Upon receiving the
navigation instructions, the structures 102 can autonomously
transit through the body of water 1n accordance with the
instructions.

In the example of FIG. 1, in response to receiving
navigation instructions from the controller 202, structure
102a transits along path 103, structure 1025 transits along
path 105, and structure 102¢ transits along path 107 to arrive
at the location for constructing the breakwater 110. In some
examples, the structures 102 can be controlled to arrive at
the destination location based on a schedule. The controller
202 can control the structures 102 to arrive at the destination
at approximately the same time, e.g., within ten minutes of
one another, within one hour of one another, or within the
same day as one another.

In some examples, the location for constructing the break-
water can include a cardinal angle of the breakwater. For
example, the controller 202 can determine to construct the
breakwater 110 so that a length of the breakwater extends in
a direction at a cardinal angle of forty-five degrees with
respect to north.

In some examples, the location for constructing the break-
water can include a distance of the breakwater from a
shoreline. For example, the controller 202 can determine to
construct the breakwater 110 at a distance of one hundred
meters from the shore 111. The distance from the shoreline
can be, e.g., an average distance from the shoreline, a
minimum distance from the shoreline, a maximum distance
of the shoreline, etc.

In some examples, the location for constructing the break-
water can include a geographic location of an endpoint of the
breakwater. For example, the controller 202 can determine
that the breakwater 110 be constructed with a southern-most
endpoint 114 being positioned at a particular latitudinal and
longitudinal coordinate location, with a northernmost end-
poimnt 116 being positioned at a particular latitudinal and
longitudinal coordinate location, or both. In some examples,
the location for constructing the breakwater can include a
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geographic location of a center point of the breakwater. For
example, the controller 202 can determine that the break-
water 110 be constructed with a center point 118 of the
breakwater 110 being positioned at a particular latitudinal
and longitudinal coordinate location.

In some examples, the controller 202 can control the
structures 102 such that a first structure arrives at the
location, and other structures assemble based on the position
of the first structure. For example, the controller 202 can
control the structures 102 such that the structure 102a
arrives at the location first, and positions 1tself at an assigned
orientation with endpoint 114 at an assigned geographic
coordinate. The controller 202 can control the structures 102
such that the structure 1025 arrives at the location after the
structure 1024, and links to the structure 102qa that 1s already
in place.

In some examples, the controller 202 can transmit mnstruc-
tions to each structure 102 that cause the structure to
mechanically couple to at least one other structure 102 to
form the breakwater. For example, the controller 202 can
send 1nstructions that cause a particular structure to
mechanically couple to any other structure. For example, the
structures 102q and 1025 may arrive at the location before
the structure 102c¢. The structure 102aq can mechanically
couple with the structure 1025, e.g., based on the structure
10256 approaching within a threshold proximity to the struc-
ture 102a. The structure 102¢ can then mechanically couple
to the structure 1025 or to the structure 102a upon arrival at
the location.

In some examples, the controller 202 can transmit mnstruc-
tions to each structure 102 that cause the structure to
mechanically couple to a particular other structure. For
example, the structure 102a can receive instructions from
the controller 202 to mechamically couple to the structure
1025. Theretore, the instructions will cause the structure
102a to couple to the structure 1025, even 1f the structure
102¢ approaches within a threshold proximity to the struc-
ture 102a before the structure 10256 approaches within the
threshold proximity to the structure 102a.

In some examples, the controller 202 can determine to
deconstruct the breakwater. For example, after the hurricane
120 passes the shore 111, the controller 202 can determine
that based on the wave prediction model 210, the breakwater
110 1s no longer needed. The controller 202 can transmit, to
cach of the structures 102, instructions to mechanically
decouple from each other.

In some examples, after deconstructing the breakwater
110, the controller 202 can determine to construct a new
breakwater at another location. The controller 202 can select
another subset of structures and transmit instructions to each
selected structure that cause the structure to transit to the
location for constructing the new breakwater.

In some examples, after deconstructing the breakwater
110 the controller 202 can transmit an instruction to each
structure 102 that releases the structure 102 from control by
the controller 202. In some examples, upon release, the
structure 102 can change configuration from a breakwater
configuration to a water transit configuration and can return
to 1ts 1nitial location. In some examples, upon release, the
structure 102 can change configuration to the water transit
configuration and proceed to a previously assigned location
or to a newly assigned location according to navigation
instructions.

In some examples, the breakwater includes the selected
structure 102s linked in an approximately linear configura-
tion from an overhead perspective. For example, the struc-
tures 102 link to form the breakwater 110 which forms a
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linear configuration from an overhead perspective, as shown
in FIG. 1. The linear breakwater 110 extends from the
endpoint 114 to the endpoint 116.

FIG. 2B 1s a block diagram of an example autonomous
submersible structure 102. The structure 102 includes a
control system 230, a maneuvering system 240, and a
linking system 260. The control system 230, the maneuver-
ing system 240, and the linking system 260 are each
communicably connected to a cognitive computing interface
290. The intertace 290 1s configured to transmit data to and
receive data from each of the control system 230, the
maneuvering system 240, and the linking system 260. The
interface 290 facilitates communication between each of the
control system 230, the maneuvering system 240, and the
linking system 260.

As the structures 102 transit through water, a control
system 230 of each structure 102 can control a maneuvering
system 240 of the structure 102. The maneuvering system
240 of the structure 102 can include engines 242, propellers
244, air tanks 246, ballast systems 248, etc. The maneuver-
ing system of the structure 102 can control the direction of
travel of the structure 102, the depth of the structure 102, etc.
For example, the maneuvering system can be controlled to
navigate the structure 102 around obstacles, to submerge and
surface the structure 102, to change physical configurations
of the structure 102, etc.

The control system 230 can receive data readings from
sensors 213 associated with the structure 102. In some
examples, these data readings are received 1n real-time. The
data can include readings of environmental parameters, such
as the location of the structure 102, the water temperature,
water salinity, water pH, water pressure, etc. surrounding the
structure 102. In some examples, the sensors 213 are
coupled to the structure 102. For example, the sensors 213
can be coupled to the outside of the structure 102 and can
travel with the structure 102. In some examples, the sensors
213 are located proximate to the structure 102. For example,
the sensors can be placed along an expected path of the
structure 102.

In some i1mplementations, the control system 230 can
control the maneuvering system 240 of the structure 102 to
navigate 1n an orientation that reduces drag or resistance
through the water. For example, the control system 230 can
control the maneuvering system 240 of the structure 102 to
change the physical configuration to a water transit configu-
ration that 1s streamlined 1n the water.

In some examples, the control system 230 can receive
navigation instructions from the controller 202. In some
examples, the control system 230 can generate navigation
instructions based on input from the controller 202. For
example, the controller 202 can transmit a destination loca-
tion to the control system 230. The control system 230 can
then generate navigation instructions that cause the structure
102 to transit from a current location to the destination
location.

Based on the navigation instructions, the control system
230 can control the maneuvering system 240 of the structure
102 to navigate the structure 102 according to the navigation
instructions. For example, the control system 230 can con-
trol the maneuvering system 240 to navigate the structure
102 to the location for constructing the breakwater, and can
control the structure 102 to remain in the location for a
period ol time.

The control system 230 can control the structure 102
according to navigation 1structions. The navigation mstruc-
tions can include depths 214, headings 216, locations 218,
orientations 219, etc. For example, the navigation instruc-
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tions can include a new depth for the structure 102. The
control system 230 can control the maneuvering system 240
based on the new depth to raise or lower the structure 102
within a water column. The navigation instructions can
include a new orientation 219 for the structure. The control
system 230 can control the maneuvering system 240 based
on the new orientation 219 to rotate the structure 102, e.g.,
by submerging part of the structure 102.

In some examples, the control system 230 can receive
data readings from sensors 213 in real-time and determine
navigation instructions in real-time. For example, the control
system 230 may receive a data reading indicating weather
conditions such as lightning, hurricanes, tropical storms,
tornados, tsunamis, etc. Based on the data indicating the
weather conditions, the control system 230 can determine
new navigation instructions to steer the structure 102 away
from the hurricane or dive to a depth that reduces an 1impact
to the structure 102 from a storm.

In some examples, readings from the sensors 213 can
indicate obstacles, such as ships, wreckage, reefs, shore-
lines, farms, etc. For example, the control system 230 can
receive data readings from sensors 213 indicating that the
structure 102 will be navigating into a reef and determine
new navigation instructions to steer the structure 102 away
from the reef.

The depth 214 indicates a depth 1n water of the structure
102. The depth 214 can be measured as a depth from the
water surface, from the bottom of the ocean, etc. The depth
214 1s determined by the control system 230, and 1s used to
control the maneuvering system 240 to navigate the struc-
ture 102 1n the water. In some examples, the depth 214 1s
determined by the control system 230 using the sensors 213.
For example, the control system 230 can determine the
boundaries of a strong current 1n a direction opposite to the
current heading of the autonomous submersible vehicle, and
determine that 11 the structure 102 sank 1n depth by five feet,
the structure would be able to steer out of the strong current.

In some examples, certain portions of the structure 102
cannot be above water. For example, the propellers 244 of
the structure 102 might not be permitted to be above water.
In some examples, the control system 230 can use input
from the sensors 213 to determine how much of the structure
102 1s below water. For example, the control system 230 can
determine that the structure 102 1s partially submerged, and
that the propellers 244 are still submerged. If the control
system 230 determines a depth 214 that will cause the
propellers 244 to breach the water surface, the control
system 230, the cognitive computing interface 290, or a
remote server to which the control system 230 1s commu-
nicatively coupled, can determine that the control system
230 must determine new navigation instructions. The new
navigation instruction can be determined based on the
mimmum depth that the structure 102 can achieve without
exposing the propellers to the surface.

The control system 230 can use machine learning models.
These models may be models which accept sensor data
collected by cameras and/or other sensors as inputs. The
machine learning models may use any of a variety of models
such as decision trees, linear regression models, logistic
regression models, neural networks, classifiers, support vec-
tor machines, inductive logic programming, ensembles of
models (e.g., using techmiques such as bagging, boosting,
random forests, etc.), genetic algorithms, Bayesian net-
works, etc., and can be trained using a variety of approaches,
such as deep learning, perceptrons, association rules, induc-
tive logic, clustering, maximum entropy classification,
learning classification, etc. In some examples, the machine
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learning models may use supervised learning. In some
examples, the machine learming models use unsupervised
learning.

The communications systems include networks over
which data regarding weather conditions, water quality, etc.
The communications system can be a wired connection or a
wireless connection. For example, the communications sys-
tem can be implemented over a wireless network such as a
cellular or satellite network to share water quality data with
other structures. The communications system allows the
structure 102 to communicate with systems such as central
control centers that monitor and forecast weather and con-
ditions.

The heading 216 indicates a direction of motion of the
structure 102. The heading 216 can be determined by the
control system 230, and can be used to control the maneu-
vering system 240 to navigate the structure 102 through the
water. In some examples, the heading 216 1s set by the
control system 230 based on data from the sensors 213. For
example, the control system 230 can determine the location
ol a hurricane along the course of travel of the structure 102,
and determine that if the structure 102 changed heading by
three degrees toward North, the structure would be able to
steer around the hurricane.

The location 218 can include a current location, a desti-
nation location, or both, of the structure 102. The location
218 can include global coordinates, an address, etc. The
location 218 1s determined by the control system 230, and
can be used to control the maneuvering system 240 to
navigate the structure 102 through the water. In some
examples, the location 218 i1s determined by the control
system 230 using data from the sensors 213.

The interface 290 1s configured to transmit data to and
receive data from the control system 230 and the maneu-
vering system 240 such that the navigation instructions
determined by the control system 230 are used to control the
maneuvering system 240.

The control system 230 can direct the vertical motion and
positioning of the structure 102. The control system 230 can
control the depth of the structure 102 within a water column,
the speed of the structure 102 within a body of water, and the
ascent and/or descent of the structure 102 within a body of
water, among other movements of the structure 102. The
control system 230 can control the motion and positioning of
the structure 102 by generating control signals for the
maneuvering system 240.

The control system 230 controls the maneuvering system
240 to steer the structure 102. The control system 230 is
communicatively coupled to the maneuvering system 240.
In some implementations, the control system 230 1s coupled
to the maneuvering system 240 through commumnication
buses within environmentally sealed conduits. In some
implementations, the control system 230 transmits control
signals to the maneuvering system 240 wirelessly through
various wireless communications methods, such as RF,
sonic transmission, electromagnetic induction, efc.

The control system 230 can determine a path through the
water and corresponding control signals for the maneuvering
system 240 locally. In some implementations, the control
system 230 1s communicatively coupled to sensors and a
communications interface 212, and uses data collected by
the sensors and communications interface 212 to navigate.
In some implementations, the control system 230 1s coupled
to the sensors and communications interface 212 through
communication buses within environmentally sealed con-
duits. In some implementations, the control system 230
receives sensor data from the sensors and communications
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interface 212 wirelessly through various wireless commus-
nications methods, such as RF, sonic transmission, electro-
magnetic mnduction, etc.

In some 1mplementations, the control system 230 com-
municates with a remote server, e.g., controller 202 through
the sensors and communications interface 212 to receive
new headings. For example, the sensors and communica-
tions mterface 212 can transmit position data of the structure
102 to a remote server, which processes the data and
transmits a new heading to the control system 230. The
control system 230 can receive the new heading, process the
data, and generate updated control signals for the maneu-
vering system 240. In some implementations, the control
system 230 communicates with a remote server through the
sensors and communications interface 212 to receive new
control signals for the maneuvering system 240.

In some 1mplementations, the control system 230 can
generate updated control signals for the maneuvering system
240 locally, without communicating with a remote server.
For example, the control system 230 can receive data from
the sensors and communications interface 212, process the
data to determine a new heading, and generate updated
control signals for the maneuvering system 240. In some
implementations, the control system 230 can provide navi-
gation signals to the structure 102 without the use of GPS.
For example, the control system 230 can navigate the
structure 102 using positioning data collected by the sensors
and communications interface 212.

The control system 230 can control the maneuvering
system 240 to keep the structure 102 geostationary. For
example, when 1n the breakwater configuration and linked to
other structures, the control system 230 can receive feedback
from the maneuvering system 240 and the sensors and
communications interface 212 to maintain a position 1n
which the structure 1s to remain.

The maneuvering system 240 recerves input from mul-
tiple sources, including the control system 230. For
example, the maneuvering system 240 can receive a control
signal from the control system 230. In some examples, the
maneuvering system 240 can receive the one or more
navigation instructions determined by the control system
230 and determine a control signal that controls the com-
ponents of the maneuvering system 240. In some examples,
the cognitive computing interface 290 receives the one or
more navigation instructions determined by the control
system 230 and determines a control signal for the maneu-
vering system 240.

In some examples, the maneuvering system 240 includes
a controller that controls all components of the maneuvering
system 240. For example, the maneuvering system 240 can
include a central controller that transmits control signals to
cach of the engine 242, the propellers 244, the air tank 246,
and the ballast tanks 248. In some examples, the maneuver-
ing system 240 includes a controller for each component of
the maneuvering system 240. For example, the maneuvering,
system 240 can include a separate controller that transmaits
control signals to each of the engine 242, the propellers 244,
the air tank 246, and the ballast tanks 248.

A power generation system can provide power for each of
the control system 230, the maneuvering system 240, and
the linking system 260. The power generation system can
include generators, batteries, or any combination of these. In
some 1mplementations, the power generation system can use
a heat sink engine, using cold water driven to deeper depths
for driving 1ts heat exchange. In some 1implementations, the
power generation system can use ocean thermal energy
conversion (OTEC) to generate electric power for the vari-
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ous systems of the structure 102. In some implementations,
the power generation system can use a solar power system,
such as solar panels, to generate electric power for the
various systems of the structure 102. In some implementa-
tions, the power generation system uses other renewable
energy systems, such as wind, harvesting energy from the
waves and currents, etc. In some implementations, the
power generation system can use generators powered by
resources such as natural gas. In some implementations, the
power generation system can be recharged when the struc-
ture 102 1s serviced, or when maintenance 1s performed on
the structure 102.

The power generation system can utilize direct wind
power through a system of sails and keels. The power
generation system can utilize one or more wind turbines
alone, or 1n combination with power storage systems such as
batteries. The power generation system can utilize a sea
anchor that 1s raised or lowered with a winch to capture
currents at diflerent depths that may flow 1n directions
different than at the surface. The power generation system
can utilize wave energy through direct electricity generation.
For example, the power generation system can be integrated
with the maneuvering system 240 and directly power pro-
pellers through wave energy electricity generation. The
power generation system can utilize wave energy through
subsurface gliders.

In some implementations, the maneuvering system 240
includes a set of propellers 244. In some 1mplementations,
the propellers are two oflset propellers 244 which allow the
structure 102 to be steered, as well as change depth. In some
implementations, the propellers 244 each have a large diam-
eter relative to the size of the structure 102.

The propellers 244 can be positioned on the exterior of the
structure 102 that are controlled to propel the structure 102
through the water. In some examples, the propellers can be
independently controlled. In some examples, the propellers
are controlled by the maneuvering system 240 to steer the
structure 102. The propellers can be controlled to change the
direction, speed, etc. of the structure 102. In some examples,
the maneuvering system can include one or more rudders for
controlling the direction of travel of the structure 102.

The propellers 244 can be controlled by the maneuvering,
system 240 based on the one or more navigation instructions
determined by the control system 230. For example, the
cognitive computing interface 290 can receive the one or
more navigation instructions determined by the control
system 230 and generate a control signal for the propellers
244. In some examples, the maneuvering system 240 can
receive the one or more navigation instructions and generate
a control signal for the propellers 244.

The air tank 246 can be a tank filled with air that 1s used
to blow water out of the structure 102. In some examples, the
air tank 246 contains compressed air that forces water out of
the ballast tanks 248. The air tank 246 can push water
through valves of the structure 102 to increase the buoyancy
of the structure 102. In some examples, the air tank 246 can
be controlled by the maneuvering system 240 based on the
one or more navigation instructions determined by the
control system 230. For example, the air tank 246 can be
controlled to force water out of the ballast tanks 248 based
on a change 1n depth that decreases the depth of the structure
102.

The ballast tanks 248 can include one or more compart-
ments within the structure 102 that holds water to provide
stability for the submersible structure. In some examples, the
ballast tanks 248 can be controlled by the maneuvering
system 240 based on the one or more navigation 1nstructions
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determined by the control system 230. For example, the
ballast tanks 248 can be pumped with water to decrease
buoyancy of the structure 102 11 the depth 214 determined by
the control system 230 requires an increase in depth of the
structure 102. In some examples, a ballast located at one part
ol the structure can be filled with water in order to increase
the depth of that part of the structure, while other parts of the
structure might not change depth. In thus way, the ballast
tanks 248 can be used to tilt or rotate the structure 102.

The linking system 260 includes link mechanisms 262,
link actuators 280, and alignment sensors 272. The linking
system 260 can be used to mechanically couple the structure
102 with another structure or with multiple other structures.
The link mechanisms 262 can include, for example, any
combination of pins, slots, fasteners, latches, bolts, clamps,
hooks, etc. The link mechanisms 262 can be operated by the
link actuators 280. For example, a link actuator 280 can
include a motor that causes the link mechanism 262 to attach
to a link mechanism of another structure.

The alignment sensors 272 can be used to align the
structure 102 with another structure. For example, the align-
ment sensors can include one or more cameras or sonar
sensors that can detect the presence of another structure and
determine a relative position and proximity of the other
structure. In some examples, the control system 230 can
control the maneuvering system 240 based on sensor data
from the alignment sensors 272. For example, the control
system 230 can receive sensor data from the alignment
sensors 272 indicating that an adjacent structure i1s posi-
tioned at a proximity from the structure 102 that 1s greater
than a threshold proximity for linking. The control system
230 can control the maneuvering system 240 to cause the
structure 102 to move closer to the adjacent structure to align
the link mechanism 262 with a corresponding link mecha-
nism of the adjacent structure. When the data from the
alignment sensors 272 indicate that the adjacent structure 1s
positioned within the threshold proximity, and that the link
mechanisms are aligned, the control system can control the
link actuator 280 to cause the link mechanism 262 to link to
a link mechanism of the adjacent structure.

In some examples, the control system 230 can commu-
nicate with other structures using the communications inter-
tace 212. For example, when the structure 102 approaches
another structure, the control systems of the two structures
can communicate with one another 1n order to align their
respective link mechanisms. In some examples, the control
system 230 can communicate with an adjacent structure
through the communications 1nterface 212 1n order to assign
one structure as a “guide” structure and another structure as
a “follower” structure. For example, the control system 230
can communicate with an adjacent structure to assign the
adjacent structure as a “guide” structure, causing the adja-
cent structure to cease movement and remain 1n place. The
structure 102 can therefore act as a “follower” structure, and
align the structure 102 with the guide structure based on data
from the alignment sensors 272.

FIGS. 3A-3C are diagrams showing configurations of
structures of an autonomous modular breakwater system.
Each structure can include a maneuvering system that is
configured to propel the structure through water. The maneu-
vering system can also configure the structure 1n at least two
different configurations. The configurations can include at
least a water transit configuration and a breakwater configu-
ration.

FI1G. 3 A shows the structures 102 1n example water transit
configurations. In a water transit configuration, the struc-
tures 102 are configured to be propelled through the water by
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a propulsion system. In some examples, the water transit
configuration can include a floating, or unsubmerged posi-
tion. In some examples, the water transit configuration can
include a partially submerged or fully submerged position.

The structures 102 each include a base portion positioned
at or near a midpoint of the structure 102a. In each of the
example structures 102, the base portion 1s 1n the form of a
column 310. The column 310 can include a housing for
components of the structure.

The structures 102 each include a first portion 322 and a
second portion 324 that are each mechamcally coupled to
the column 310. The first portion 322, the second portion
324, or both, can be maneuverable about the column 310.
For example, the maneuvering system 240 can include one
or more mechanisms for pivoting or rotating the first portion
322 and the second portion 324 about the column. In some
examples, the first portion 322a and the second portion 324a
can each have an approximately planar shape.

As shown 1 FIG. 3A, structure 102q 1s 1n an example
floating position. In the example floating position, the col-
umn 310q has a length that extends 1n a direction approxi-
mately parallel to the water surface. Planar surfaces of the
first portion 322a and the second portion 324a each extend
in a plane that 1s approximately parallel to the water surface.

As shown i FIG. 3A, structure 1025 1s 1n an example
partially submerged position. In the example partially sub-
merged position, the column 3105 has a length that extends
in a direction approximately parallel to the water surface.
The column 3106 may be positioned at a depth that 1s at or
below the water surface. Planar surfaces of the first portion
3225 and the second portion 3245 each extend 1n a plane that
1s approximately orthogonal to the water surface. Portion
3225 15 extending vertically upward, e.g., such that some or
all of the portion 32256 may be above the water surface.
Portion 3245 1s extending vertically downward, e.g., such
that the portion 3245 1s below the water surface.

As shown 1n FIG. 3A, structure 102¢ 1s 1n a submerged.,
or at least partially submerged, position. In the example
submerged position, the column 310c¢ has a length that
extends 1n a direction approximately parallel to the water
surface. The column 310¢ may be positioned at a depth that
1s at or below the water surface. Planar surfaces of the first
portion 322¢ and the second portion 324¢ each extend 1n a
plane that forms a non-zero angle with respect to the water
surface. Portions 322¢ and 324¢ form an approximate “V”
shape, with the column 310¢ at the apex of the “V.” The
portions 322¢ and 324¢ are below the water surface.

In some examples, an example structure 102 can maneu-
ver from a floating position, e.g., the floating position of
structure 102a, to a submerged or partially submerged
position, e.g., the partially submerged positions of structure
10256 or 102¢, by rotating portions of the structure about the
column 310. For example, the control system 230 can
control the maneuvering system 240 to change the position
or orientation of the first portion 322, the second portion
324, or both, with respect to the position of the column 310.

Upon arriving at the location, the structures 102 can
change from the water transit configuration to the breakwa-
ter configuration. In some examples, a control system of a
structure 102 can determine that the structure has arrived at
the location, and 1n response, cause the maneuvering system
to configure the structure 102 1n the breakwater configura-
tion. In some examples, the controller 202 can determine
that the structure 102 has arrived at the location, and in
response, transmit an instruction that causes the structure
102 to change configurations.
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FIG. 3B shows the structures in example breakwater
configurations. Changing the structure 102 from the water
transit configuration to the breakwater configuration can
include, for example, orienting attenuating surfaces of the
structure towards incident waves. For example, attenuating
surfaces can include the planar surfaces of the portions 322
and 324. The control system 230 can control the maneuver-
ing system 240 to maneuver the structure 102 such that the
planar surfaces of the portions 322, 324 are approximately
orthogonal to the wave direction. In FIG. 3B, the wave
direction 1s represented by arrow 316.

In some examples, changing from the water transit con-
figuration to the breakwater configuration can include rotat-
ing the base portion, e.g., the column 310, from an orien-
tation 1n which the length of the column 310 extends 1n a
direction approximately parallel to the water surface to an
orientation in which the length of the column 310 extends 1n
a direction approximately orthogonal to the water surface.
For example, the control system 230 of the structure 102 can
control the maneuvering system 240 to operate ballast tanks
248, air tanks 246, propellers 244, etc., to change the
orientation of the column 310.

Changing the structure 102 from the water transit con-
figuration to the breakwater configuration can 1include
Increasing, €.g., maximizing, a surtace area of the structure
that 1s facing incident waves. Increasing the surface area can
include, for example, extending the first portion 322 and the
second portion 324 such that planar surfaces of the first
portion 322 and the second portion 322 are parallel to each
other, are aligned with each other, or both. The structure 102

can orient to a position facing the incident waves, e.g., based
on 1nstructions received from the controller 202.

In the breakwater configuration, the structures 102 are
configured to attenuate energy of incident waves. In some
examples, the breakwater configuration can include a bal-
lasted, or at least partially submerged position. In some
examples, the breakwater configuration can include a posi-
tion 1n which the length of each column 310 extends in a
direction that forms at a non-zero angle with respect to the
water surface. In some examples, the breakwater configu-
ration can include a position 1 which surfaces of the
portions 322 and 324 form a revetment slope for attenuating
incident waves. In the example partially submerged position
shown 1n FIG. 3B, the length of each column 310 extends 1n
a direction that i1s approximately orthogonal to the water
surface and orthogonal to incident waves.

In some examples, when the structures 102 are in the
breakwater configuration, the structures 102 can autono-
mously maintain position relative to each other. Each struc-
ture 102 can maintain a position such that a distance between
the structure and an adjacent structure remains approxi-
mately constant over time. As an example, the structure
102a can maintain 1tself at a position that 1s aligned with the
structure 10256 and 1s at a distance from the structure 1025
ol between five feet and ten feet.

In some examples, when the structures 102 are in the
breakwater configuration, the structures 102 can each
autonomously maneuver to link to another structure 102.
Each structure 102 can include a linking system, e.g., linking
system 260, that 1s configured to couple the structure to at
least one other structure. For example, the structure 10256
can include a linking system that 1s configured to mechani-
cally couple the structure 1025 to a structure, e.g., structure
1024, at a first side 306 of the structure 1025, and to another
structure, e.g., structure 102¢, at a second side 308 of the first
structure 1025. The linking systems of the structures 102 can
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include interlocking mechanisms, e.g., the link mechanisms
262 as described with respect to FIG. 2B.

In some examples, the controller 202 or the control
system 230 of each structure 102 can control the respective
maneuvering systems 240 in order to align the interlocking
mechanisms of the structures. For example, the controller or
the control system 230 can determine to align the structures
102 with each other 1n accordance with alignment critena.

Alignment criteria can include, for example, a maximum
threshold proximity between structures, a maximum speed
through the water of the structures, a maximum offset angle
between the structures, etc. For example, the structures 102a
and 1026 may satisly alignment criteria by the structure
102a being within a maximum threshold proximity to struc-
ture 1025, by the structures 102a and 10256 both traveling at
a speed that 1s below the maximum threshold speed through
the water, by an offset angle between the structures 102a and
10256 being less than a maximum oflset angle, etc.

When the structures 102 satisiy the alignment criteria, the
control systems of the structures can control the respective
linking system, causing the interlocking mechanisms of the
structures to link to each other. In the example of FIG. 3B,
the linking of structure 102a to 1025, and of structure 1025
to 102¢, 1s represented by arrows 314. FIG. 3C shows the
structures 102 having formed the breakwater 110 after
mechanically coupling to each other.

In some examples, one or more structures 102 can include
an anchoring device 302. The anchoring device 302 can hold
the structures 102 1n a steady position in the water. The
anchoring device can include, for example, a sea anchor
such as a parachute anchor, a conical sea anchor, or a
cylindrical sea anchor. In some examples, the anchoring
device can include a seabed anchor.

In some examples, changing a configuration between the
water transit configuration and the breakwater configuration
includes deploying the anchoring device 302. In some
examples, each structure 102 that 1s used to construct the
breakwater includes an anchoring device. In some examples,
cach structure 102 deploys an anchoring device when 1n the
breakwater configuration. In some examples, not all struc-
tures of the breakwater include an anchoring device. In some
examples, not all structures that include an anchoring device
will deploy the anchoring device when in the breakwater
configuration.

In an example, the controller 202 can determine that not
all structures of the breakwater 110 should deploy an anchor-
ing device. The controller 202 can therefore transmit an
instruction to the structure 1026 that causes the structure
1026 to deploy the anchoring device 302 when in the
breakwater configuration or when linked to the structures
102a and 102¢. The controller 202 can transmit an instruc-
tion to the structures 102a and 102c¢ that cause the structures
102a and 102¢ not to deploy any anchoring devices.

In some examples, the controller 202 can determine to
deploy anchoring devices or not to deploy anchoring devices
based on the wave prediction model 210. For example, the
controller 202 can determine to deploy more anchoring
devices when larger waves are predicted by the wave
prediction model 210, and to deploy fewer anchoring
devices when smaller waves are predicted by the wave
prediction model 210. In some examples, the control system
230 of each structure 102 can determine to deploy or not to
deploy an anchoring device of the respective structure 102.

FIG. 4 1s a diagram of an example configuration of an
autonomous submersible structure for use 1 forming a
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modular breakwater system and supporting marine life. The
structure 102 can 1nclude a tloating configuration for grow-
ing marine life.

In this example, the structure 102 1s a platform that
supports live marine life 404 by providing optimal growth
conditions and physical support. The structure 102 1s con-
figured to navigate, untethered, in a body of water and to
maintain predetermined conditions for the marine line con-
tained on or within the structure 102 1tself. In this particular
example, when not 1n use as a component of a breakwater,
the structure 102 1s configured to navigate the open ocean
and to maintain optimal conditions for the live marine life by
raising and lowering itself within the ocean. The structure
102 supports marine life cultivation of various species,
where marine life 1s attached to the structure 102 in various
forms.

The structure 102 1s a 1free-floating structure and 1s
configured to autonomously navigate and control its depth to
optimize growth conditions for the marine life 404. The
structure 102 1s configured to autonomously navigate cur-
rents to certain locations. In some implementations, the
structure 102 can be tethered or moored to a stationary
structure, such as a dock, a buoy, or the ocean tloor, among
other structures.

The marine life 404 can be algae or other aquatic life-
forms. In this particular example, the marine life 404 1is
macroalgae, or seaweed, and can be red, brown, or green
seaweed. In some 1implementations, the marine life 404 1s 1n
the spore stage of growth, and the length of time the
structure 102 autonomously navigates 1s the length of time
required for the marine life 404 to be ready for harvesting.

The structure 102 can include support structures 406 on
which the marine life 404 grows. The structure 102 can be
tailored to the type of the marine life 404 that it supports. For
example, the structure 102 can include the support structures
406 tailored to the species of marine life that are growing on
the structure 102. The support structure 406 can be made of
poles embedded in sediment, floating buoys, cables, ropes,
nets, inflatable structures, and rigid frames, among other
types of materials. For example, the support structures 406
can be made of material that 1s seeded with nutrients selected
for a particular species of the marine life 404 or a desired
resulting composition of the marine life 404.

In some implementations, the support structures 406 span
the structure 102. In some implementations, the support
structure 406 hangs from the structure 102 or other support
structures 406. In this particular example, the support struc-
tures 406 span the structure 102 and hang from the structure
102. Structures 102 can have a mixture of multiple configu-
rations of the support structures 406.

In some 1mplementations, the structure 102 and the sup-
port structures 406 can collapse into more hydrodynamic
configurations. For example, the control system 230 can
detect an area of increased resistance and control the struc-
ture 102 and the support structures 406 to collapse into a
structure with lower drag. In some implementations, the
support structures 406 are foldable or rotatable around a
center column 310.

In some implementations, the structure 102 includes
protective devices for protecting the marine life 404. For
example, the protective devices can include a protective
casing 408. The protective casing 408 can be moveable, e.g.,
the protective casing can be expandable and/or retractable.
The control system of the structure 102 can deploy the
protective casing 1n order to protect the marine life 404. In
some examples, the protective devices can be environmen-
tally sealed to protect the marine life 404 from water.
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In some examples, changing the configuration from the
water transit configuration to the breakwater configuration
includes deploying one or more protective devices to protect
the marine life 404. In some examples, changing the con-
figuration from the breakwater configuration includes
retracting the protective devices.

In some examples, changing the configuration from the
water transit configuration to the breakwater configuration
includes maneuvering to a position that protects the marine
life 404 from environmental elements. For example, the
marine life 404 may be located on certain portions of the
structure 102. When positioned in the breakwater configu-
ration, the portions of the structure 102 that include the
marine life 404 may be located at a deeper depth compared
to other portions of the structure 102. Positioning the marine
life 404 at a deeper depth can improve protection of the
marine life 404 from forces of wind and waves.

The autonomous submersible can include a housing for
sensitive components. For example, the structure 102
includes a column 310. The column can extend along a
length from a first end 412 to a second end 414. The column
310 can be, for example, an environmentally sealed com-
ponent of the structure that houses sensitive components of
the structure 102. In some implementations, the column 310
houses at least part of one or more of the control system 230,
the maneuvering system 240, and the linking system. The
control system 230, the maneuvering system 240, and the
linking system can include sensors and electronics that are
sensitive to water damage and must be kept dry 1n order to
remain operable.

In some 1mplementations, the column 310 can house the
ballast tanks 248, the air tanks 246, or both. By operating the
ballast tanks 248 and the air tanks 246 of the column 310,

the structure can change configurations. For example, a
ballast tank 411 at or near the first end 412 can be filled with
an amount ol water 1n order to increase the depth of the first
end 412 compared to the depth of the second end. This can
cause the structure 102 to rotate from a floating position 1n
which the length of the column 310 extends 1n a direction
approximately parallel to the water surface, as shown 1n the
example structure 102q of FI1G. 3A, to a partially submerged
position 1n which the length of the column 310 extends
approximately orthogonal to the water surface, as shown 1n
the example structure 1024 in FIG. 3B.

In some 1mplementations, environmentally sealing the
entirety of the column 310 might not be possible. In some
implementations, a portion of the column 310 containing the
most sensitive electronic components 1s kept above water at
all times, while other portions of the column 310 can be
submerged.

FIG. 5 1s a flow diagram of an example process 500 for
constructing an autonomous modular breakwater system.
Brietly, the process 500 includes determining a location for
a breakwater (502); determining locations of structures
(504); sclecting a subset of structures (506); and transmitting
istructions to the subset (508).

In greater detail, the process 500 includes determining a
location for a breakwater (502). For example, the controller
202 can determine a location for construction of the break-
water 110 based on predicted weather events, based on
pre-programmed instructions, based on user input, etc.

The process 500 includes determining locations of struc-
tures (504). For example, the controller 202 can determine
an 1nitial location of each of a plurality of autonomous
submersible structures, where each of the autonomous sub-
mersible structures 1s configured to mechanically link to any
other of the plurality of autonomous submersible structures
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to form a breakwater. Each of the autonomous submersible
structures 101,102 can include a wireless communication
module for communicating with the controller 202. The
controller 202 can receive, from each of the wireless com-
munication modules, data indicating a geographic coordi-
nate location of the structures 101,102. Each structure can
include a linking system 260 for mechanically linking to any
of the other structures to form a breakwater.

The process 500 includes selecting a subset of structures
(506). For example, the controller 202 can select, based at
least in part on the 1nitial location of each of the plurality of
autonomous submersible structures, a subset of the plurality
ol autonomous submersible structures for constructing the
breakwater. For example, from the structures 101, 102, the
controller 202 can select a subset of the structures. The
subset may 1nclude the structures 102, and exclude the
structure 101. The controller 202 can select the structures
102, for example, based on a proximity of each of the
structures 102 to the determined location for construction of
the breakwater 110.

The process 300 includes transmitting instructions to the
subset (508). For example, the controller 202 can transmit,
to each of the selected autonomous submersible structures,
instructions to transit from the respective mitial location to
the location for construction of the breakwater and to
mechanically couple to at least one other autonomous sub-
mersible structure to form the breakwater. The controller
202 can transmit, to the structure 102¢, instructions to transit
from the 1nitial location of the structure 102 along path 107
to the determined location for construction of the breakwater
110. Upon arrival at the determined location, the istructions
can cause the structure 102¢ to mechanically link to struc-
ture 102a, structure 10254, or both, to form the breakwater
110.

FIG. 6 1s a flow diagram of an example process 600 for
controlling a structure of an autonomous modular breakwa-
ter system. Brietly, the process 600 includes propelling a
structure to a location while 1n a water transit configuration
(602) and changing the configuration to a breakwater con-
figuration (604).

In greater detail, the process 600 includes a structure to a
location while 1n a water transit configuration (602). For
example, the control system 230 of the structure 102a can
control the maneuvering system 240 to operate engines 242
and propellers 244 to propel the structure 102 to a deter-
mined location. While transiting to the determined location,
the structure 102 can be 1n a water transit configuration that
includes, e.g., a floating position, a partially submerged
position, or a submerged position.

The process 600 includes changing the configuration to a
breakwater configuration (604). For example, when the
structure 102a arrives at the determined location, the control
system 230 can control the maneuvering system 240 to
operate propellers 244, air tanks 246, ballast tanks 248, or
any combination of these to change the configuration of the
structure to the breakwater configuration. The breakwater
configuration can include a position in which the structure
102 1s configured to attenuate incident waves.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made without departing from the spirit and scope of
the disclosure. For example, various forms of the flows
shown above may be used, with steps re-ordered, added, or
removed.

All of the functional operations described in this specifi-
cation may be implemented 1n digital electronic circuitry, or
in computer software, firmware, or hardware, including the
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structures disclosed 1n this specification and their structural
equivalents, or 1n combinations of one or more of them. The
techniques disclosed may be implemented as one or more
computer program products, 1.e., one or more modules of
computer program instructions encoded on a computer-
readable medium for execution by, or to control the opera-
tion of, data processing apparatus. The computer readable-
medium may be a machine-readable storage device, a
machine-readable storage substrate, a memory device, a
composition of matter affecting a machine-readable propa-
gated signal, or a combination of one or more of them. The
computer-readable medium may be a non-transitory com-
puter-readable medium. The term *“data processing appara-
tus” encompasses all apparatus, devices, and machines for
processing data, including by way of example a program-
mable processor, a computer, or multiple processors or
computers. The apparatus may include, 1n addition to hard-
ware, code that creates an execution environment for the
computer program in question, €.g., code that constitutes
processor firmware, a protocol stack, a database manage-
ment system, an operating system, or a combination of one
or more ol them. A propagated signal 1s an artificially
generated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal that 1s generated to encode
information for transmission to suitable receiver apparatus.

A computer program (also known as a program, software,
soltware application, script, or code) may be written 1n any
form of programming language, including compiled or
interpreted languages, and 1t may be deployed 1n any form,
including as a standalone program or as a module, compo-
nent, subroutine, or other unit suitable for use 1n a computing
environment. A computer program does not necessarily
correspond to a file 1n a file system. A program may be stored
in a portion of a file that holds other programs or data (e.g.,
one or more scripts stored 1n a markup language document),
in a single file dedicated to the program in question, or 1n
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program may be deployed to be executed on one computer
or on multiple computers that are located at one site or
distributed across multiple sites and interconnected by a
communication network.

The processes and logic flows described 1n this specifi-
cation may be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on 1nput data and generating
output. The processes and logic flows may also be per-
formed by, and apparatus may also be implemented as,
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application specific
integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive istructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and
one or more memory devices for storing instructions and
data. Generally, a computer will also include, or be opera-
tively coupled to receirve data from or transfer data to, or
both, one or more mass storage devices for storing data, e.g.,
magnetic, magneto optical disks, or optical disks. However,
a computer need not have such devices. Moreover, a com-
puter may be embedded 1n another device, e.g., a tablet
computer, a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System
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(GPS) receiver, to name just a few. Computer readable
media suitable for storing computer program instructions
and data include all forms of non-volatile memory, media

and memory devices, including by way of example semi-
conductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard

disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
may be supplemented by, or incorporated 1n, special purpose
logic circuitry.

To provide for interaction with a user, the techniques
disclosed may be implemented on a computer having a
display device, e.g., a CRT (cathode ray tube) or LCD
(liguid crystal display) monitor, for displaying information
to the user and a keyboard and a pointing device, e.g., a
mouse or a trackball, by which the user may provide input
to the computer. Other kinds of devices may be used to
provide for interaction with a user as well; for example,
teedback provided to the user may be any form of sensory
teedback, e.g., visual feedback, auditory feedback, or tactile
teedback; and mput from the user may be received 1n any
form, including acoustic, speech, or tactile mput.

Implementations may include a computing system that
includes a back end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user may interact with an implementation
of the techniques disclosed, or any combination of one or
more such back end, middleware, or front end components.
The components of the system may be interconnected by
any form or medium of digital data commumnication, e.g., a
communication network. Examples of communication net-
works 1nclude a local area network (“LLAN’) and a wide area
network (“WAN™), e.g., the Internet.

The computing system may include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

While this specification contains many specifics, these
should not be construed as limitations, but rather as descrip-
tions of features specific to particular implementations.
Certain features that are described 1n this specification 1n the
context of separate implementations may also be imple-
mented 1n combination 1 a single implementation. Con-
versely, various features that are described 1n the context of
a single implementation may also be implemented in mul-
tiple implementations separately or 1n any suitable subcom-
bination. Moreover, although features may be described
above as acting 1n certain combinations and even mitially
claimed as such, one or more features from a claimed
combination may in some cases be excised from the com-
bination, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components 1n the implementations described above should
not be understood as requiring such separation in all imple-
mentations, and i1t should be understood that the described
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program components and systems may generally be inte-
grated together 1n a single software product or packaged into
multiple software products.

Thus, particular implementations have been described.
Other implementations are within the scope of the following
claims. For example, the actions recited 1in the claims may be
performed 1 a different order and still achieve desirable
results.

What 1s claimed 1s:

1. A system comprising:

a plurality of autonomous submersible structures, wherein
cach of the autonomous submersible structures 1s con-
figured to mechanically couple to any other of the
plurality of autonomous submersible structures to form
a breakwater; and

a controller comprising one or more processing devices
configured to perform operations comprising:
determining a location for construction of the break-

water; and

transmitting instructions over a wireless network to

cach of the plurality of autonomous submersible

structures, wherein the instructions cause a first

autonomous submersible structure of the plurality of

autonomous submersible structures to:

transit to the location for construction of the break-
water,

aiter transiting to the location for construction of the
breakwater, autonomously align a first interlock-
ing mechamsm of the first autonomous submers-
ible structure with a second interlocking mecha-
nism of a second autonomous submersible
structure; and

mechanically couple to the second autonomous sub-
mersible structure to form at least a portion of the
breakwater, including coupling the first interlock-
ing mechanism with the second interlocking
mechanism.

2. The system of claim 1, the operations comprising:

recetving data indicating a predicted weather event; and

determiming the location for construction of the breakwa-
ter based on the predicted weather event.

3. The system of claim 1, the operations including deter-
mining a size of the breakwater, and selecting a subset of the
plurality of autonomous submersible structures for con-
structing the breakwater based at least in part on the size of
the breakwater.

4. The system of claim 1, wherein each of the autonomous
submersible structures includes a wireless communication
module, the operations comprising:

recerving, from a first wireless communication module of
the first autonomous submersible structure, data indi-
cating an imtial location of the first autonomous sub-
mersible structure, wherein the instructions cause the
first autonomous submersible structure to transit {from
the 1mitial location to the location for construction of the
breakwater.

5. The system of claim 1, wherein each of the autonomous
submersible structures includes a wireless communication
module, the operations comprising:

transmitting the instructions to each of the autonomous
submersible structures through the respective wireless
communication modules.

6. The system of claim 1 wherein the breakwater com-
prises the plurality of autonomous submersible structures
linked 1n an approximately linear configuration from an
overhead perspective.
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7. The system of claim 1, wherein the location for
constructing the breakwater includes at least one of a
cardinal angle of the breakwater, a distance of the break-
water from a shoreline, a geographic location of an endpoint
of the breakwater, or a geographic location of a center point
ol the breakwater.

8. An autonomous submersible structure comprising:

a maneuvering system configured to propel the autono-
mous submersible structure and to configure the
autonomous submersible structure 1n at least two con-
figurations, the at least two configurations including:
a water transit configuration; and
a breakwater configuration;

a control system comprising one Or more processing
devices configured to perform operations comprising;
receiving 1nstructions over a wireless network, the

instructions indicating a location for construction of

a breakwater; and

in response to recerving the mstructions, controlling the

maneuvering system to:

propel the autonomous submersible structure to
cause the autonomous submersible structure to
transit to the location for construction of the
breakwater while the autonomous submersible
structure 1s 1n the water transit configuration;

alter transiting to the location for construction of the
breakwater, change the configuration of the
autonomous submersible structure from the water
transit configuration to the breakwater configura-
tion;

autonomously align a first interlocking mechanism
of the autonomous submersible structure with a
second 1nterlocking mechanism of a second
autonomous submersible structure; and

mechanically couple to the second autonomous sub-
mersible structure to form at least a portion of the
breakwater, including coupling the first interlock-
ing mechanism with the second interlocking
mechanism.

9. The autonomous submersible structure of claim 8,
wherein 1n the breakwater configuration, the autonomous
submersible structure 1s configured to attenuate energy of
waves 1ncident on the autonomous submersible structure.

10. The autonomous submersible structure of claim 8,
wherein:

the maneuvering system includes a ballast system con-
figured to perform ballasting operations to increase
depth of at least part of the autonomous submersible
structure, and

changing the configuration from the water transit con-
figuration to the breakwater configuration includes per-
forming ballasting operations.

11. The autonomous submersible structure of claim 8,
comprising an anchoring device, wherein changing the con-
figuration from the water transit configuration to the break-
water configuration 1includes deploying the anchoring
device.

12. The autonomous submersible structure of claim 8,
comprising a linking system configured to couple the first
interlocking mechanism of the autonomous submersible
structure to the second interlocking mechanism of the sec-
ond autonomous submersible structure.

13. The autonomous submersible structure of claim 12,
the operations comprising:

receiving 1nstructions to couple the first interlocking
mechanism to the second interlocking mechanism of
the second autonomous submersible structure.
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14. The autonomous submersible structure of claim 12,
comprising one or more sensors for detecting the second
autonomous submersible structure and determiming a rela-
tive position between the autonomous submersible structure
and the second autonomous submersible structure.

15. The autonomous submersible structure of claim 8,
wherein:

the mstructions include navigation instructions; and

controlling the maneuvering system to propel the autono-

mous submersible structure to cause the autonomous
submersible structure to transit to the location for
construction of the breakwater comprises controlling
the maneuvering system to navigate the autonomous
submersible structure according to the navigation
instructions.

16. The autonomous submersible structure of claim 15,
wherein the navigation instructions iclude at least one of a
geographic destination, navigation waypoints, a target time
of arrtval, or a target travel speed.

17. The autonomous submersible structure of claim 8, the
operations comprising;:

recerving data indicating a predicted weather event;

selecting a geographic destination for the autonomous

submersible structure based on the predicted weather
event; and

controlling the maneuvering system to:

propel the autonomous submersible structure to cause the

autonomous submersible structure to transit to the
selected geographic destination; and

change the configuration of the autonomous submersible

structure from the water transit configuration to the
breakwater configuration after arrival at the selected
geographic destination.

18. The autonomous submersible structure of claim 8,
wherein the at least two configurations include a floating
confliguration for growing marine life.

19. A computer-implemented method comprising:

determiming, by a controller comprising one or more

processing devices, a location for construction of a
breakwater; and

transmitting, by the controller, instructions over a wireless

network to each of a plurality of autonomous submers-
ible structures, wherein:
cach of the autonomous submersible structures 1s con-
figured to mechanically couple to any other of the
plurality of autonomous submersible structures to
form the breakwater; and
the 1nstructions cause a first autonomous submers-
ible structure of the plurality of autonomous sub-
mersible structures to:
transit to the location for construction of the break-
water,

after transiting to the location for construction of the
breakwater, autonomously align a first interlock-
ing mechanism of the first autonomous submers-
ible structure with a second interlocking mecha-
nism of a second autonomous submersible
structure; and

mechanically couple to the second autonomous sub-
mersible structure to form at least a portion of the
breakwater, including coupling the first interlock-
ing mechanism with the second interlocking
mechanism.
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